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Parameter Studies of Candidate lattices 

for the 1-2 GeV Synchrotron Radiation Source 

Michael S. Zisman 
January 13, 1986 

Abstract 

This document discusses the implications of various collective 
phenomena on the required performance of candidate lattices for the 
lBl 1-2 GeV Synchrotron Radiation Source. The performance issues 
considered include bunch length, emittance growth, and beam 
lifetime. In addition, the possible use of the 1-2 GeV Synchrotron 
Radiation Source as a high-gain FEl is explored briefly. Generally, 
the differences between lattices are minor. It appears that the 
most significant feature distinguishing the various alternatives 
will be the beam lifetime . 

1. Introduction 

At a recent meeting of the potential users of an advanced 1-2 GeV 

synchrotron light source [1], the specifications for a desirable machine 

were agreed upon. These user requirements, which will provide the basis for 

an lBl proposal to build such a machine, are summarized in Table 1. 

Compared with our original Advanced light Source (AlS) proposal [2], the 

most significant change has been to increase the nominal operating energy of 

the proposed machine from 1.3 to 1.5 GeV. (The energy range of the machine, 

from 1.0 to 1.9 GeV, remains unchanged from the earlier specifications.) 

In the time between the original proposal [2] and now, there has been a 

considerable increase in our understanding of the characteristics of 

low-emittance 1-2 GeV storage rings. For this reason, we have explored 

various a lternati ve des i gns for the 1-2 GeV Synchrotron Rad iat i on Source 

lattice and have also carefully examined the original design in light of 

more recent insights into lattice behavior. 



In this document, we examine each of the candidate lattices in terms of 

collective effects that can influence machine performance . Section II wi ll 

deal with the issue of bunch length. The expected bunch length obtainable 

from the various lattices is calculated under several assumptions, and the 

degradation i n bunch length that would result from the absence of SPEAR 

scaling is esti mated . An estimate of possible growth in beam emittance due 

to intrabeam scattering is made in Sect i on III. Although this phenomenon is 

generally not expected to be i mportant at high energies, the dense beam 

bunches specified for the 1-2 GeV Synchrotron Radiation Source make it 

necessary to confirm this for the particular lattices under consideration . 

Section IV deals with beam l i fetime, due to the combined effects of Touschek 

and gas scattering. The performance of each lattice at 750 MeV is used, in 

Section V, to assess the Free Electron Laser (FEL) gain parameter, p . 

Finally, a summary of our findings is presented in Section VI. 

Candidate lattices have been provided for this study by several members 

of the LBL Exploratory Studies Group . Details of their work will be 

documented separately [3] . Altogether, five different lattices were 

investigated, representing different approaches to the design of a 

low-emittance synchrotron radiat i on source. These include: the "orig i nal" 

Chasman-Green ALS lattice [2], designated "CG" ; an expanded Chasman- Green 

structure in which the central quadrupole of the achromat is replaced with 

two empty FOOO cells, designated "ECG"; a triple-bend achromat structure, 

designated "TBA"; and two FOOO structures , one with two and one with three 

cells per achromat , denoted "F0002" and "F0003," respect i vely. 

All of the calculations reported herein have been performed with the 

LBL accelerator physics code ZAP [4] . 
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II. Bunch Length 

The bunch length requirement for the 1-2 GeV Synchrotron Radiation 

Source is for very short bunches, 2~ '" 20-50 psec . In practice , the 
T 

atta i nab 1 e bunch 1 ength is determi ned by two th i ngs: the RF parameters and 

the constraints of the longitudinal microwave instability. 

With regard to the RF parameters, we will take as our nominal case a 

500 MHz syste~ operated at 3 MV. Insofar as these parameters have already 

been selected to provide very short bunches, we wi 11 see that further 

improvements to the bunch length will not be easy to come by. 

The influence of the longitudinal microwave instability is determined 

by the effective impedance assumed for the ring. In particular, the 

magnitude of the turbulent bunch lengthening is very sensitive to whether or 

not we assume the validity of SPEAR scaling [5] in obtaining the effective 

impedance. The microwave threshold is given by: 

~ I~I (E/e) ~p2 ~. 
I = ~--=---:-=-~-----".----.!:.~ 
thresh R IZ/nleff 

( 1 ) 

The broadband impedance is made up of contributions from the vacuum 

chamber and the RF cavities: 

( Un) = (2) 

where we take the number of RF cells, nc ' from the RF voltage (assuming 500 

kV per cell) . If SPEAR scaling is applied, then 

(Z/n)eff = (Z/n) (~~/b)1.6. 

= (Un) 

3 

(~~ < b) 

(~~ ~ b) 



where at is the rms bunch length and b is the vacuum chamber radius. Thus, 

the SPEAR scaling assumption (denoted "S.S ." in this document) has the 

effect of markedly reducing (Zln)eff for short bunches, which considerably 

reduces bunch lengthening in this regime. Although S.S. can lead to very 

low impedance values, we will follow our past practice [6] of not allowing 

the effective impedance to become smaller than the free-space value of 

(Z/n)fs = 300 (b/R) ohms, 

where R is the machine radius. For the lattices considered here, this limit 

is on the order of a few tenths of an ohm. 

In the absence of a detailed impedance inventory, we have taken a value 

of 2 ohms for the vacuum chamber broadband impedance. The RF cavity is 

assumed to have an impedance (per cell) of O. 25 ohms, as obtained from the 

higher order modes of our reference RF design (taken from the KEK cavity 

[7]). Thus, prior to applying S.S . , the effective impedance is 3. 5 ohms at 

a voltage of 3 MV. As mentioned, applying S.S. reduces this value to 

roughly a few tenths of an ohm. 

In Figs . 1 and 2 we compare the bunch lengths of the five candidate 

lattices as a function of average current . As can be seen, the S.S. 

assumption leads to very short bunch lengths in the 250-bunch case (Fig. 1) 

and to slightly longer bunches in the single-bunch scenario (Fig. 2). No 

attempt has been made to distinguish the various lattices in Figs. 1 and 2; 

the message here is that all of the candidate lattices show essentially 

identical behavior. With this in mind, in what follows we will generally 

look at the behavior of only selected "representative" lattice examples 

rather than studying each case individually. 

The effects of S.S . are demonstrated in Figs. 3 and 4 for the CG 

lattice in the multi- and single-bunch mode, respectively. At the higher 
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currents, the effect of S.S. is to reduce the bunch length by about a factor 

of 2 to 3. The problem of achi evi ng a bunch 1 ength of 20 psec (with a 

reasonable single-bunch current) if S.S. does not apply is clearly evident 

in Fig. 4. 

To investigate the effects of RF parameters, we consider the most 

difficult scenario (in terms of bunch length), the single-bunch mode without 

S.S. The change in bunch length with RF voltage is shown in Fig. 5. Not 

much help is available, even at an RF voltage of 5 MV . In Fig. {) we 

investigate the effect of going to a higher-frequency RF system. Again, the 

potential gain is small compared with the changes corresponding to applying 

S.S . 

Based on the above results, we can draw several conclusions. If the 

S.S. assumption is applicable to the 1-2 GeV Synchrotron Radiation Source, 

there should be no problem reaching bunch lengths on the order of 20 psec 

for any of the candidate lattices. If not, we expect to lose about a factor 

of 2-3 in bunch length . In the latter case, it does not appear practical to 

regain the lost bunch length via reasonable variation of RF parameters. 
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III. Emittance Growth 

In this section , we will estimate the equilibrium emittance values of 

the various 1-2 GeV Synchrotron Radiation Source lattices, based on the 

theory of intrabeam scattering (IBS) of Bjorken and Mtingwa [8] . From 

previous comparisons between the predictions of ZAP and experimental results 

at low energies from Aladdin [9] and MAX-lab [10] , we are confident that the 

results of the code are in reasonable agreement with "reality . " 

In general, the severe effects of IBS diminish rapidly as the beam 

energy increases. However, in the case of the 1-2 GeV Synchrotron Radiation 

Source lattices, the natural emittance and natural bunch length values (see 

Table II) are very small, i.e., we have very high bunch density . Thus, even 

at rather high energies we might expect to see some beam emittance blowup 

from IBS. Because the IBS phenomenon is a single-bunch effect, the most 

severe problems will occur in the (high current) single-bunch scenario . 

In Fig. 7 we show the emittance growth for the representative case of 

the TBA lattice at an emittance ratio (£/£y) of 10 :1. A beam current of 

7.& mA in a single bunch has been assumed . As is obvious, the emittance 

growth is negligible at high energies and is only about a factor of 2 beyond 

the natural emittance at 1000 MeV. Due to the higher beam density, the S.S . 

case leads to more growth than the case of no S.S. at the same average beam 

current. The standard multi-bunch scenario for the 1-2 GeV Synchrotron Radi

ation Source, i.e., 400 mA in 250 bunches, leads to an even smaller growth, 

as expected. Indeed, the behavior shown in Fig. 7 is essentially the same 

for all of the five lattices under invest i gation here. If we take a case 

with a larger emittance ratio of 100:1, the beam density, and hence the 

emittance growth, is larger; this is shown in Fig. 8 . Nonetheless, the 

expected emittance growth at the lower energies does not at all compromise 

the operating specifications outlined in Table I. 
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To summarize. we conclude that there is a noticeable emittance growth 

at the lower end of the energy range (near 1000 MeV) but it is not severe 

enough to limit the performance of any of the lattices studied. 

7 



IV. Beam Lifetime 

The beam lifetime will be limited by a combination of two effects: 

Touschek scattering and gas scattering. In this section we will first 

discuss the former phenomenon and then briefly report on the results of our 

gas scattering lifetime estimates. 

Touschek Scattering 

Touschek scatteri ng, which i nvo 1 ves large-angl e i ntrabeam scatteri ng, 

is most severe for bunches that have high current, short bunch length, low 

emittance, and large emittance ratio. 

from this viewpoint) just those we 

Synchrotron Radiation Source. In 

These properties are (unfortunately 

are stri vi ng for in the 1-2 GeV 

addition, the Touschek lifetime is 

strongly influenced by the momentum acceptance of the lattice. 

The momentum acceptance limit of · the lattice can be either 

longitudinal, i.e., the RF bucket height, or transverse, i. e., the physical 

or dynamic aperture. For the lattices studied here , the limiting acceptance 

at low energies is always transverse. One reason for this is that the RF 

voltage was already chosen to be quite high in order to maintain short 

bunches in the ring (see Section II). 

In the code ZAP, the transverse limits can be used in several ways. 

The code can be given information on the physical aperture at each lattice 

point, and/or it can be given a list of the maximum value of the dynamic 

aperture (in the dispersive region) as a function of IIp/p. Finally, the 

code can use a pa i r of va 1 ues that gi ve the maximum momentum acceptance 

values (e. g., from tracking or well-honed intuition) in the dispersive and 

non-dispersive regions of the lattice. (The distinction between dispersive 

and non-dispersive regions is due to the fact that, in the dispersive 

region, the scattering event gives rise to a betatron oscillation amplitude, 

whereas a scatter in the non-dispersive region does not . The available 
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aperture is thus lower in the dispersive region due to the need to 

accommodate both the closed-orbit deviation and the betatron oscillation.) 

In the present study, different lattices were handled differently; the 

various values used are summarized in Table III. 

Touschek lifetimes have been calculated for all lattices for the cases 

of 400 rnA in 250 bunches and 7. 6 rnA in 1 bunch, both with and without the 

S.S. assumption . Figure 9 shows a comparison among the lattices for the 

250-bunch case with S.S . The single-bunch results (again with S.S.) are 

given in Fig. 10 . For both the single- and multi-bunch cases, the 

calculated pattern is about the same. On the average, the single-bunch 

lifetimes are about half those for the multi-bunch case. Because of their 

lower momentum acceptance, the CG and ECG lattices tend to look unfavorable 

at the lower energies compared with the FOOO and TBA designs. At higher 

energies, where the limiting acceptance is longitudinal, the various 

lattices look more comparable. Not using the S.S. assumption (Fig. 11) 

leads to longer bunches (by about a factor of 2) and to longer lifetimes (by 

a similar factor). 

The Touschek lifetime can also be affected by the RF parameters, as 

shown in Fig. 12. For the most severe situation (the CG lattice in the 

single-bunch mode) we find that, at low energies, it is helpful to reduce 

the RF voltage . This works because the bunch density can be somewhat 

reduced without decreasing the momentum acceptance, which is limited 

transversely at low energies. Indeed, in this regime, increasing the RF 

voltage actually decreases the Touschek lifetime. As can be seen in 

Fig. 12, the "crossover" for this effect is at about 1500 MeV, so reducing 

the RF voltage only helps the lifetime (at the expense of the bunch length, 

of course) at low energies. 
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Changing the emittance ratio from 10 : 1 to 100:1 reduces the Touschek 

lifetimes by about a factor of three; this is demonstrated for the TBA lat

tice in Fig . 13 . Although the higher emittance ratio might be acceptable 

for those lattices having a large momentum acceptance (such as the TBA 

lattice in Fig . 13), it is not obvious that it would be suitable for the CG 

lattices . 

Gas Scattering 

Gas scattering lifetimes have been calculated for each lattice based on 

the formulae given by Le Duff [11]. The calculations assume a pressure of 

1 nTorr of nitrogen 

(full) gap of 1 cm. 

gas, and a ring acceptance 1 imited by an undu1ator 

The resultant lifetimes (Fig. 14), which include con-

tributions from both elastic and inelastic (bremsstrahlung) scattering, lie 

in the range of about 5-20 hours; all lattices exhibit fairly similar be

havior. 

Overall Lifetime 

Overall beam lifetimes (at 1500 MeV) for the five lattices studied are 

collected in Table IV. Lifetimes in excess of 6 hours should be achievable 

except for the CG and ECG lattices in the single-bunch mode . It is 

important to remember, of course, that the lifetimes tend to decrease at 

lower beam energies. 
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V. FEL Performance 

Although it is only a curiosity at this point, it was mentioned at the 

users meeting [1] that the 1-2 GeV Synchrotron Radiation Source might 

someday be utilized to drive a high-gain Free Electron Laser (FELl. It was 

of interest, therefore, to evaluate the performance of the candidate 

lattices for this purpose. As a useful benchmark, we will compare the 

predicted FEL performance of the present lattices with that of a ring 

designed by our group [6] specifically for this purpose . See Ref. [6] for 

an explanation of the FEL parameters calculated. 

To allow direct comparison with our CXF design [6]. we will evaluate 

the performance of each lattice at 750 MeV, for a radiation wavelength of 

400 angstroms . Values for the FEL gain parameter, p, and the predicted 

peak output power are summarized in Table V. Included in Table V are the 

values for the lattice designated CF144 from Ref. [6]. Although not as good 

as the CXF case, the performance predi cted for the vari ous 1 atti ces is 

fairly encouraging. The 1-2 GeV Synchrotron Radiation Source lattices show 

a peak power of about 5-10 MW, compared with 30 MW for a more optimized 

design. It appears, however, that the predicted FEL performance depends 

heavily on the validity of the S.S . assumption. In the absence of S.S. , the 

gain and the e-fo1ding length for the FEL radiation are predicted to be much 

poorer, and may well be unsuitable for experiments; this is demonstrated in 

Table VI. 
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VI. Summary 

In this section we will try to briefly summarize our conclusions 

regarding performance of the various candidate lattices. 

With regard to bunch length, we find that the SPEAR scaling assumption 

is required in order to achieve, with a reasonable beam intensity, the very 

short bunches (about 20 psec) that have been requested. If the SPEAR 

scaling assumption is not valid, it should still be possible to achieve the 

beam intensity and emittance goals of the 1-2 GeV Synchrotron Radiation 

Source, but with longer bunches (about a factor of 2-3). This conclusion is 

independent of the details of the particular lattice being considered. 

We find, not surprisingly, that emittance growth is not a serious issue 

for the 1-2 GeV Synchrotron Radiation Source. The growth can be a factor of 

3-4 at very low energies (about 750 MeV), but is never enough to compromise 

lattice performance. Without the S.S. assumption, the growth is even 

smaller. Here too, these conclusions are basically lattice independent. 

At low energies, single-bunch lifetimes for the various lattices can 

drop to only a few hours in some cases. The FOOO and TBA lattices, with 

their larger momentum acceptance, are better than the CG lattices in this 

regard. If short bunches are not needed at the lower energies, some gain in 

lifetime can be made by varying the RF parameters. Should it be necessary 

or desirable to run with a larger emittance ratio (e.g., 100:1 rather than 

10:1), the lifetimes will drop significantly. It may well be impractical to 

consider such a scenario for the CG lattices due to their shorter lifetime 

at low energies. 

A brief investigation of FEL performance indicates that the 1-2 GeV 

Synchrotron Radiation Source lattices should give acceptable results, 

producing about 1/3 of the peak power of an optimized lattice design. 
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Finally, the study presented here suggests that the key issue in 

distinguishing the various lattices is the beam lifetime. 
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Table I . 

1-2 GeV Synchrotron Radiation Source User Requirements* 

Nominal Energy 

Energy Range 

Average Current 

Horiz. Emittance 

Pulse Width (2a ) 
T 

Beam Lifetime 

* From Ref. [1] . 

15 

1500 MeV 

750 - 1900 MeV 

400 rnA 

< 1 x 10-8 ~ m-rad 

20 - 50 psec 

> 6 hrs 




